Objective. This study investigated (a) 
Objective. This study investigated (a) whether the kinematic profile ofa reaching-fOr-an-object movement would diffir depending on the goal ofthe reaching task and (b) the effict oftask goal on attentional carryover.
Method. M anipulation of a moror task goal as a means of engendering better quality of movement has been among the core theoretical (Huss, 1981; King, 1978) and empirical interests of occupational therapists (see . Along with recent advances in motion analysis technology, study of the effecr of rask goal on rhe sparioremporal characteristics of movement (i.e., movement kinematics) has received growing attention across disciplines (Jeannerod, 1988; Marreniuk, MacKenzie, Jeannerod, Arhenes, & Dugas, 1987; . This study attempted ro extend the literature on the effect of task goal by investigating whether the movemem kinematics of reaching for a familiar object might be modified through the manipulation of rask goal. As evidence of the effeCt of task goal on movement kinematics accumulates, occupational therapiSts may use naturalistic occupations involving familiar objects to promote motor performance. A further aim of this study was to investigate the effect of the goal of reaching for an object on attentional carryover as measured by performance on a line bisection task. Findings of the research may afford practical implications for the managemem of anemional deficits (e.g., unilateral neglect in clients who have had a stroke).
Twenty-fOur adults without disabilities perfOrmed a horizontal line bisection task under three conditions: (a) a natural condition (pressing the ringing lever of a desk bell), (b) an impoverished condition (touching the ringing lever ofa desk bell), and (c) a control condition (bisecting a line only). Only the natural and impoverished conditions used the reaching task (i.e., pressing or touching the ringing lever ofthe desk bell
A leftward reaching movement was coupled in this study with a line bisection task in such a way that the object for reaching was placed to the left of a horizontal line to be bisected subsequent to the reaching movement. Study of this motor cuing effect was motivated by the findings of the close coupling of mechanisms involved in controlling spatial attention and those perceptual-motor mechanisms involved in the preparation and guidance of goal-directed actions (Allport, 1987 (Allport, , 1989 Neumann, 1990 Rather, information on performance context must also be provided. Newell (1986) proposed that the interaction between person and goal produces a response or movement specific to the unique requirements that arise from that interaction. One method for quantifYing the effects of task goal on movement characteristics is kinematic analysis. Kinematics refers to the displacement of the limb and derivatives of its displacement, such as velocity and acceleration. Kinematic analysis offers an opportunity for investigating the organization of movements at the behavioral level. Furthermore, information on kinematic variables can provide insights into the relationship between movement goal and movement properties (Weir, 1994) . Pioneering work by Marteniuk et aI. (1987) examined how twO different goals (picking up a disk and fitting it in a slot vs. picking up a disk and throwing it in a large box) modified kinematic profiles of reaching movements. The results showed that the fitting condition elicited, for example, longer movement time than did the throwing condition. These findings suggest that different goals would elicit different movement organization represented by reaching kinematics.
Effects ofFunctional Goals
Other studies of movement kinematics have attempted to differentiate various levels of goals from the aspect of functionality (van Vliet, Kerwin, Sheridan, & Fentem, 1995; Wu, 1995) . These studies compared movement kinematics under two conditions: a functional goal (e.g., drinking a cup of water) and a nonfunctional goal (e.g., moving the cup). In general, the results showed that movements performed for a functionally or ecologically relevant goal elicited better quality of movement (e.g., faster, smoother) than did movements performed for a goal deprived of functional relevance. These findings are theoretically significant because the impact of task goal on task performance was found to operate in the kinematic domain, which may be resistant to influence from the different degrees of meaningfulness of tasks.
Reaching Kinematics
The kinematic variables of reaching involve movement time, the amplitude of peak velocity, and the percentage of reach where peak velocity occurs (PPY). Movement time refers to the time for the execution of the reaching movement. After the movement of reaching for a target starts, the arm generally accelerates toward the target and then decelerates at each point of direction change or correction of trajectory (Georgopoulos, 1986) . The amplitude of peak velocity (i.e., maximal instantaneous velocity) corresponds to the changeover from acceleration to deceleration (Thelen, Skala, & Kelso, 1987; Wing & Miller, 1984) . The amplitude of peak velocity is related to force; a higher peak velocity indicates greater force generation (Fisk & Goodale, 1989; Lough, Wing, Fraser, & Jenner, 1984; Thelen & Fisher, 1983; von Hofsten, 1979) . The PPV has been used to characterize movement strategies in the motor control literature (Nagasaki, 1989) . If the movement is well learned and programmed, the PPV tends to be more than 50% of total movement time (Nagasaki, 1989) .
Line Bisection
The line bisection task has long been used for research on attentional distribution along the horizontal meridian in persons without disabilities and in persons with right brain damage (e.g., Nichelli, Rinaldi, & Cubelli, 1989; Reuter-Lorenz & Posner, 1990 ). This task is a sensitive tool for measuring unilateral neglect (Black, Martin, & Szalai, 1990) , an attentional disorder characterized by the inability to perceive or respond to stimuli presented to the space contralateral to a brain lesion (usually in the right hemisphere), despite the absence of primary sensory and motor deficits (Heilman, Watson, & Valenstein, 1993) .
Persons with left neglect typically bisect a horizontal line to the right of true center. Line bisection performance (in populations with or without neurological impairments) has been modified through the use of cuing to bias attention toward one end (usually the left) of the line (e.g., Halligan & Marshall, 1989a , 1989b Heilman & Val-enstein, 1979; Lin, 1993) . Both visual cuing and, more recently, visuomotor cuing have been reported. Visual cuing (i.e., placing a digit to the left of a line to be bisected before bisecting the line) has had beneficial effects in persons with right brain damage and left neglect (Heilman & Valenstein, 1979; Lin, Cermak, Kinsbourne, & Trombly, 1996; Nichelli et aI., 1989; Riddoch & Humphreys, 1983) . Left visual cuing also results in a leftward bias of attention on line bisection in adults without disabilities (Lin, 1992; Milner, Brechmann, & Pagliarini, 1992; Nichelli et al., 1989; Samuelsson, 1990) .
Visuomotor cuing (i.e., directing the right hand leftward for a motor act in order to induce a concomitant shift of attention toward the left) has an effect on attentional bias (Halligan, Donegan, & Marshall, 1992; Lin, 1992) . More recently, Lin et al. (1996) and Mattingley, Pierson, Bradshaw, Phillips, and Bradshaw (1993) reported the effects of contralesionally directed mowr acts by the right hand on reducing left neglect·in line bisection by persons with right brain damage. One question raised by the findings of these cuing studies pertains to whether the extent of attentional bias may differ depending on the goal of the leftward motor act.
Purpose
The present study continues the work described previously by investigating the kinematic characteristics of a reaching task when varying the goals of reaching for a familiar object (i.e., a desk bell). The reaching task was selected as the experimental task because the reaching movement is the major action of the arm to bring the hand into interaction with the environment in order to achieve a goal (Shepherd, 1995) . This investigation also studied the effects of task goal on attentional carryover by having participants perform a horiwntal line bisection task. Therefore, we set out to explore whether altering the functional goal of a leftward motor act before bisecting a horiwntal line would, in addition to engendering differential qualiry of movement, affect performance on the line bisection task.
The following hypotheses were generated to test the effects of task goal both on reaching kinematics and on line bisection performance:
• Reaching kinematics: A natural condition (pressing the ringing lever of a desk bell) will elicit better qualiry of movement than an impoverished condition (i.e., touching the ringing lever without producing the sound). Relative to the impoverished condition, the natural condition would elicit shorter movement time and higher peak velociry.
• Line bisection: Relative to the control condition (no bell), either the natural condition or the impoverished condition would induce attentional
The American journaL o/OccupationaL Therapy bias toward the end of the line where the bell was placed as reflected by leftward biased line bisection performance. Further, the extent of bias will be greater for the natural condition than for the impoverished condition.
Method

Design
A counterbalanced repeated measures research design (Rosenthal & Rosnow, /991 ) was used in that one group of participants is tested under all conditions, and each participant serves as his or her own COntrol. Thus, we can assume that participant characteristics, such as handedness and gender, will remain constant throughout the course of the experiment and that differences obtained from experimental conditions are more likely to reflect experimental effects rather than variabiliry between participants (Portney & Watkins, 1993) .
Counterbalancing is a method of systematically varying the sequences of the experimental conditions. For the three experimental conditions in the present study, there were six possible sequence combinations (see Table 1 ). Participants were assigned randomly to one of the six sequences, assuring that each sequence was repeated an equal number of times and that no bias exiSted in who performed which sequence (Portney & Watkins, 1993) .
Participants
Eight male and 16 female young adults with no history of cerebral disease were recruited for the study. They were paid a small stipend. Twenry participants were right handed, and 4 were left handed. Their ages ranged from 18 years to 31 years (M = 23.5 years, SD = 3.6).
Tasks and Conditions
The relationship between functional goal and movement properties was investigated by comparing the following tasks: reaching for a desk bell with an objective of ringing it by pressing the ringing lever (the natural condition) and reaching for the same object and touching the lever with an objective of not producing the sound (the impoverished condition). To study goal effects of attentional carryover, a line bisection task was petformed immediately after performing the reaching task.
MateriaLs and Instruments
Line bisection. A horizontal black line was drawn, one per page, on sheets of white, 8.5-in. X II-in. paper. Each line was approximately 1 mm wide and centered on the page. To curtail set effects, three different line lengths of 4.89 in., 7.33 in., and 9.78 in. were used. The cuing object presented in the natural and impoverished conditions was a desk bell with a diameter of 3.80 in. and a height of 1.87 in. Kinematic instrument. The OPTOTRAKJ3020 system 1 (a precalibrated, infrared-based, noncontact motion measurement system capable of recording high velocity motion in three dimensions with .1 mm accuracy at a distance of 2.5 m) was used in conjunction with a personal computer to track the movement of an infraredlight-emitting marker (IRED). An IRED was attached over the head of the fifth metacarpal of the participant's right hand. Three infrared sensors (cameras) are permanently mounted in a 5-ft long housing. The OPTO-TRAK was placed at least 1 m from the participant during recording.
The IREDs are fired sequentially by the central controller unit via a strober (Scholz, 1989) . As movement occurs, the instantaneous position of each marker is digitized at a rate of 100 Hz. Any occluded points are flagged, and the data are interpolated, if necessary, for these points. The raw data are converted to three-dimensional coordinates by use of a direct linear transformation algorithm (Scholz, 1989) . Reliability for the instrument has been recently established (intraclass correlation> .99) (Trombly, Wu, & Cope, 1994) .
Start of movement was signalled via a microswitch when the participant lifted his or her hand off a pad used to indicate the starting position. An IRED was attached on the bell right above the ringing lever to indicate the end of the reaching movement.
Procedure
Each participant sat on a chair at a table and directly in front of the paper where the line was presented. The participant was initially asked to hold a pencil with the right hand and place his or her right thumb on a microswitch located at the right lower edge of the table. The participant was given verbal instructions to start the movement when the experimenter indicated to do so. Operationali1Manufacrured by Nonhern Digiral, Inc., 403 Alben Srreer, Warer-100, Ontario N2L 3V2. zation of the three testing conditions is as follows:
1. Control condition. The participant was asked to mark with a pencil the center of each line presented without touching or pressing the ringing lever of the bell.
2. Impoverished condition. Before placing a mark at the center of each line presented, the participant was instructed to direct the right index f111ger leftward to touch the ringing lever of the bell placed approximately 1 cm left of the left margin of the paper on which the line was presented. 3. Natural condition. The participant was instructed to direct the right index finger leftward to press the ringing lever of the bell before bisection.
Within each condition, there were 4 trials for each of the three different line lengths. The 12 trials for each condition were presented randomly so that no twO lines of the same length were presented consecutively. No practice trials were given.
Data Reduction
Kinematic variables. The three-dimensional data were filtered with a second-order Butterworth filter at a frequency of 5 Hz. The data were then processed with WATKA, a custom-written program that reduced the filtered data to provide the kinematic information required for data analysis.
Line bisection. The deviation of the attempted bisection of each line from the true center was measured as the raw deviation score. To adjust for the differences in line lengths, the bias index was computed by dividing the raw deviation score by half of the line length. A positive sign was given for rightward deviations and a negative sign for leftward deviations. The bias index can range from -1 to + 1, with 0 representing no deviation. An average bias index was calculated for each condition across trials for each participant.
Data Analysis
Line bisection. Contrast analysis (focused analysis of variance) was used to test specific predictions by comparing (or contrasting) them with the data (Rosenthal & Rosnow, 1985) . For the present study, contrast weights (As) numerically reflecting the hypothesis were assigned, and the analysis was performed on a 6 X 3 mixed (i.e., one between factor and one repeated factor) analysis of variance (ANOYA). The between factor was treatment sequence, and the repeated factor was treatment order. The treatment effect, which is essentially a test of the differences in the bias index for the control, the impoverished, and the natural conditions, was determined by testing the interaction effect of sequence with order. This practice allowed the use of a more precise error term by removing the confounding effects of sequence and order. The focused F for our contrast analysis was obtained as follows:
F COntra5l = (r2)(Fcondirions X dfnumerator), where r 2 is the square of the correlation between the contrast weights (As) and the residualized means (for computational details, see Rosenthal & Rosnow, 1985) .
Reaching kinematics. Specific hypotheses for kinematic data were tested with 2 x 2 mixed ANOVAs because only the impoverished and the natural conditions generated such data. The treatment effect is embedded in the interaction of sequence with order in the 2 x 2 mixed ANOVA. Table 2 shows summary statistics for the kinematic variables for each condition. The sources of variance for the 2 x 2 mixed ANOVA for movement time and peak velocity are shown in Table 3 . Contrast analyses were performed to test specific hypotheses associated with these two variables. To reiterate, the a priori hypothesis was that the natural condition would result in more efficient and programmed movements than would the impoverished condition. Results of the contrast analysis show large and significant effects for movement time, focused FO, 22) = 9.61, effect size 2 r = .55, p = .0026, and for peak velocity, focused FO, 22) = 8.43, effect size r = .53, P= .0041. Table 4 shows the results of the unfocused ANOVA for the PPY: There was no significant difference between the two experimental conditions (i.e., natural and impoverished conditions) in the PPY, focused FO, 22) = 1.34, effect size r= .24,p= .13. Table 5 shows summary statistics for the bias index for each testing condition. It is clear that participants' settings of subjective midpoint were, on average, biased to the right in the natural condition and to the left in the impoverished and control conditions. The sources of variance for the 6 X 3 mixed ANOVA are shown in Table 6 .
Results
Reaching Kinematics
Line Bisection
Results of the COntrast analysis provided substantial support for the a priori hypothesis that leftward bias in the natural condition would be greater than that of the impoverished condition, which in turn would lead to 2Because rhe effect size measures rhat are free of sample size inAuence can playa vital role in determining the degree to which the phenomenon under study is manifested (Cohen, 1988) , the efFecr sizes for tbe dependenr variables in this study were computed. According to Cohen (1988) , a large effect is represenred by an r of ar least .50, a moderare efFecr by .30, and a small effecr by . I 0. greater bias than the control condition, focused FO, 36) = 90.91, effect size r = .91, P < .0001. This substantial and significant effect indicates that participant performance on the line bisection test under the three testing conditions was highly congruent with the prediction. Testing for the difference in the order of treatment was significant. However, the treatment effect was obtained after removing the order and the sequence effects and, thus, would not be confounded by either effect.
Discussion
Reaching Kinematics
In general, the results of this study suPPOrt the a priori hypothesis that the natural condition would elicit better quality of movement than would the impoverished condition. The movement in the natural condition may have been more efficient than the movement in the impoverished condition as reflected by shorter movement time and higher peak velocity. A complementary explanation for the higher peak velocity under the natural condition pertains to the need for a greater force in order to produce the pressing movement. Our findings are consistent with those of previous research (van Vliet et al., 1995; Wu, 1995) , showing that motor acts with a functional goal tended to elicit enhanced quality of movement (e.g., more direct displacement, higher peak velocity, less movement time) than those without such a goal. The variation of movement kinematics as a function of task goal is in line with the proposition of Newell (1986) and Burton and Davis (992) that a person produces different movement characteristics on the basis of the required or desired goals. Charlton (992) further emphasized that action production needs information about past action experiences, such as knowledge of an object's functional use. In our interpretation, providing task goals that indicate functional use of objects might assist in movement production and thus optimize movement performance in terms of spatiotemporal organization. In addition, van Vliet et al.
(995) argued that tasks with a functional goal are more
The American Journal ofOccupational Therapy ----- meaningful in everyday life than those with nonfunctional goals. This added function was helpful to the panicipants in our srudy to perform an action. With regard to PPY, the results for the two experimental conditions showed similar average PPY (50.33% for the narural condition, 49.42% for the impoverished condition) and similar range of PPY (36.11 %-68.75% for the natural condition, 37.20%-68.08% for the impoverished condition). These findings suggest that the participants used similar strategies to perform the reaching task under the natural and impoverished conditions. Although individual differences existed, the majority of the participants had a PPY that was close to or greater than 50%. According to Nagasaki's (1989) characterization of reaching movements, the reaching-for-a-bell task elicited programmed movements that depended less on sensory feedback. This finding is not surprising because the desk bell was a familiar object to the participants.
Findings of the present srudy may have implications for clinical practice. If the results hold for clinical populations, tasks with functional goals might need to be used to evaluate motor performance of persons with disabilities because to get the most accurate reading of the person's highest ability, movement performance within an ecologically or functionally relevant context might be better than that in a context deprived of functional relevance. Further, increasing functional level of task goals may improve performance in terms of, for example, shortening the time spent in a movement. To validate these potential benefits of functional goals in clinical practice, research that analyzes the performance-enhancing effect of embedding movements within a functional context in clinical populations is needed.
Line Bisection
Results with respect to line bisection performance strongly support the idea that the natural condition might induce more arrentional bias (toward the end of the line where the ringing bell was placed) than might the impoverished condition, which in rum would lead to leftward biased performance relative to the control condition. Consistent with the findings of previous work (Halligan et aI., 1992; Lin et aI., 1996; Mattingley et al., 1993) , leftward hand movements significanrly biased attention toward the left.
A strategy that might mediate the effect of leftward hand movement is the activation of the intentional mechanism. Intentional mechanisms are important for directing a particular hand into the contralateral field (Heilman & Yalenstein, 1979; Kinsbourne, 1970) . That is, whereas the left hemisphere intends the left hand to the right of the midline, the right hemisphere intends the right hand to move to the left of the midline. It follows that because each hemisphere may be important for mediating intentional activation within and toward the contralateral field (independent of the limb used) (Heilman, Bowers, & Watson, 1984) , the movement of the right hand toward the contralaterally located target would activate the right ------_ . _ --- hemisphere, which in turn would lead to an attentional shift toward the left. Jancke (1993) provided evidence that supports the view that a right-arm movement leftward involves activation of the right hemisphere.
A complementary explanation for the observed effects comes from the premotor theory of attention by Rizzolatti and Gallese (1988) , who proposed that attention and motor prepararion are so closely linked that acrivarion of one sysrem would lead ro "recruitment" of rhe orher. According ro this rheory, spatial attention is a correlate of rhe organizarion of a moror act. Therefore, the selection of a motor plan should automatically produce a shifr of attention roward the sparial sector where rhe acrion would be executed. A direcr implicarion is rhar motor outpur within the left hemispatial field by the right hand would bring about an attentional shift roward the lefr field. A furrher implicarion is rhar the differential organization of movement under rhe natural and impoverished condirions (as inferred from rheir kinemaric profile) may have contributed to differential recruitment of attentional resources. Performing moror acts under rhe natural condirion may have led ro a more efficient acrivation of the atrentional system because of the more efficient execution of movements within a context affording a functional goal. Alternatively, more attentional resources may have been recruired under this condition because a grearer force was required ro produce the pressing movement. In any case, our finding echoes previous work showing that atrentional and motor preparation processes may be closely linked (Requin, 1985; Stelmach & Hughes, 1983; Wil1iams & Sul1ivan, 1986) . Further research is needed to elucidate the possible mechanism underlying the observed effects.
Findings of rhis srudy also afford pracrical implicarions for rhe management of unilateral neglecr. If rhe results hold for clients with left neglect, this disorder in attention may be modified to a grearer extent by training rhe dien r to perform lefrward movements direcred roward a funcrjonal goal (e.g., ringing a desk bell, picking up a pencil). Although this study used the line bisection task, the potentially beneficial maneuvers (e.g., a leftward motor act for a functional goal) hold promise for use with other tasks (e.g., reading, feeding, grooming, playing chess).
Limitations
A limirarion of rhis study was rhat rhe experimenter was aware of the research hypotheses. Use of experimenters without such awareness should be considered in future srudies.
Conclusion
This srudy investigated the kinematic profile of the reaching-for-an-objecr movements performed under different rask goals. Reaching performance was oprimized when a funcrional goal (i.e., pressing the ringing lever of a desk bell) was to be achieved as compared with a task condition wherein an impoverished goal was afforded (i.e., rouching the ringing lever without making ir sound). This finding was in accordance with rhe long-standing assumption of occupational therapy that movements performed under a purposeful, goal-directed condition lead to enhanced quality of performance. Replicative srudies using orher rasks rhar are functional1y relevant (e.g., opening a jar, chopping vegetables) may further our understanding of the performance-enhancing effects of purposeful motor tasks. Further research may involve popularions of varying demographic and clinical characreristics (e.g., elderly persons, persons with neurological impairments) .
The finding that use of a narural task resulted in more arrenrional carryover toward rhe locus of the rask has important implications for the relationship between movement and attention. This knowledge may be applied therapeutically to the management of unilateral neglect. Thar is, left-sided movements may be differentially effecrive in reducing left neglecr, depending on rhe goal of the laterally directed movement. Further research is needed to test this hypothesis....
